Low concentrations of caffeine induce asymmetric cell division as observed in vitro by means of the CBMN-assay and iFISH.
The dual role of caffeine as a chromosomal damage inducer and G2/M-checkpoint abrogator is well known but it is observed mainly at relatively high concentrations. At low concentrations, caffeine enhances the cytogenetic effects of several carcinogens and its intake during pregnancy has been recently reported to cause adverse birth outcomes. Interestingly, a threshold below which this association is not apparent was not identified. Since chromosomal abnormalities and aneuploidy are the major genetic etiologies of spontaneous abortions and adverse birth outcomes, we re-evaluate here the effects of caffeine at the cytogenetic level and propose a model for the mechanisms involved. Our hypothesis is that low caffeine concentrations affect DNA replication and cause chromosomal aberrations and asymmetric cell divisions not easily detected at metaphase since damaged cells are delayed during their G2/M-phase transition and the low caffeine concentrations cannot abrogate the G2-checkpoint. To test this hypothesis, caffeine-induced chromatid breaks and micronuclei in peripheral blood lymphocytes (PBLs) were evaluated in vitro after low caffeine concentration exposures, followed by a short treatment with 4mM of caffeine to abrogate the G2-checkpoint. The results show a statistically significant increase in chromatid breaks at caffeine concentrations ≥1mM. When caffeine was applied for G2/M-checkpoint abrogation, a statistically significant increase in chromatid breaks, compared to an active checkpoint, was only observed at 4mM of caffeine. The potential of low concentrations to induce asymmetric cell divisions was tested by applying a methodology combining the cytochalasin-B mediated cytokinesis-block micronucleus assay (CBMN) with interphase FISH (iFISH), using selected centromeric probes. Interestingly, low caffeine concentrations induce a dose dependent aneuploidy through asymmetric cell divisions, which are caused by misalignment of chromosomes through a mechanism unrelated to the formation of chromatid breaks. The cytogenetic approach used, combining CBMN with iFISH, is proposed as a valuable tool to test chemically induced asymmetric cell divisions.